Bacterial endocarditis is the major factor in the etiology of ruptured chordae tendineae. In the first case of ruptured mitral chordae tendineae reported in the medical literature (Corvisart 1812 Two chordae tendineae of the anterior leaflet, which were located between the midpoint of the leaflet and the anterolateral commissure, were found to be discontinuous from their origins on the anterolateral papillary muscle ( fig. 1 ). These chordae tendineae were thickened and shortened and were the sites of multiple small vegetations. Nearby, intact chordae tendineae also were thickened and were the sites of vegetations. In the left atrium, 0.5 cm. above the lateral portion of the posterior leaflet, was a 3 by 5 em. portion that was raised, irregular, and had the gross appearance of a jet lesion and mural vegetation. Histologic examination of the heart confirmed the presence of active bacterial endocarditis.
The ruptured chordae tendineae in this case were only one of many complications associated with the active bacterial endocarditis. The 
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Pathologic Evidence of Healed Bacterial Endocarditis. Ten of the 20 patients in this study did not have a history of bacterial endocarditis. Necropsy disclosed evidence considered positive for healed bacterial endocarditis in three of the 10 cases, while in an additional three cases the cardiac abnormalities, in addition to the ruptured chordae tendineae, were suggestive though not conclusive evidence of healed bacterial endocarditis. The report of a representative case (case 13) follows.
A 49-year-old man entered the hospital in May 1957. He did not have a history of rheumatic fever or any significant febrile illness. The presence of a heart murmur had been known only since the onset of the patient's symptoms 8 months before his last admission. Exertional dyspnea and dependent edema developed 8 months prior to his admission to the hospital. Orthopnea and paroxysmal nocturnal dyspnea appeared 10 days before his admission.
Physical examination showed the heart to be enlarged. A slight apical thrill was detected. A loud systolic murmur was present over the entire precordium. This was loudest in the fourth intercostal space near the midelavicular line and was transmitted posteriorly and to the left. Rales were present in the lungs; the liver was enlarged to 4 cm. below the right costal margin, and considerable pretibial edema was present. A roentgenogram of the thorax disclosed cardiac enlargement with pulmonary vascular congestion. An electrocardiogram showed a sinus rhythm with multiple premature contractions and nodal escape beats. A subsequent electrocardiogram made 2 days later showed variation between a sinus rhythm and an idioventricular rhythm. The patient did not respond despite intensive treatment for congestive heart failure and died on the fourth hospital day.
At necropsy the heart was found to be moderately enlarged and weighed 430 Gm. All chambers were dilated and the left ventricle particularly was hypertrophied. The mitral valve was the site of considerable abnormality. The posterior mitral leaflet was lacking in substance along its free edge, apparently from an old ulcerative process. The posterior leaflet projected up into the left atrial cavity. Approximately two thirds of the posterior mitral leaflet was without intact chordae tendineae. Remnants of the ruptured chordae were folded under the deformed posterior leaflet and their ends were round and smooth. The anterior mitral leaflet near the anterolateral commissure also appeared to be altered by an ulcerative process, which later healed. A small projection from the posteromedial papillary muscle represented the origin of the ruptured chordae tendineae. The intact chordae tendineae appeared normal. A jet lesion measuring approximately 2 by 3 cm. was present on the septal wall of the left atrium beginning 1 cm. above the anterior mitral leaflet. Histologically the thickened, deformed posterior mitral leaflet was composed of irregular masses of collagenous and fibrous tissue.
This case demonstrates the finding of ruptured chordae tendineae in a patient who did not have a history of bacterial endocarditis but at necropsy definite evidence of healed bacterial endocarditis was found. Mitral insufficiency resulted from rupture of the chordae tendineae and led to the death of the patient.
Without Pathologic Evidence of Healed Bacterial Endocarditis. The cause of ruptured chordae tendineae in the other four cases was not determined. At necropsy evidence of an inflammatory process which had healed prior to the death of the patient was present in each of the four cases, but the lesions were nonspecific and did not allow a precise identification of their causes. The following case is an example (case 16*).
A 23-year-old man was examined in November 1955 for evaluation of a heart murmur first discovered 7 years previously. There was no history of rheumatic fever or trauma to the thorax. Examination of the heart in 1944 gave essentially negative results. In December 1948 an illness began that lasted 6 weeks and was characterized by fever, lassitude, and weakness. The patient was hospitalized during this illness and the roentgenogram of the thorax disclosed inflammation in one lung. The apical systolic murmur and a presystolic murmur were heard. A systolic murmur also was heard at the base of the heart with transmission to the vessels in the neck. Venous distention indicated an elevated venous pressure. Pulmonary rales, hepatomegaly, and pedal edema were present. A roentgenogram of the thorax disclosed cardiac enlargement and pulmonary edema.
The patient responded to the prescribed medical program at first, but cough, fever, and hemoptysis developed on the fifteenth hospital day. His condition deteriorated and he died on the twenty-second hospital day.
At necropsy the heart was found to be enlarged and weighed 555 Gm. The left atrium was dilated.
Both ventricles were dilated and hypertrophied. The posterior mitral leaflet projected up into the left atrial cavity giving it a hooded appearance ( fig. 4) . Approximately four fifths of the posterior leaflet was without intact chordae tendineae. Only three chordae tendineae remained intact, and these were in the region near the posteromedial commissure. The other cardiac valves appeared normal.
Portions of both the anterolateral and the posteromedial papillary muscles were atrophied. Minimal thickening of the posterior mitral leaflet was present. Neither the remnants of the ruptured chordae tendineae nor the remaining intact chordae tenidineae appeared thickened or fused, or the site of vegetation. The endocardium of the septal wall of the left atrium above the anterior mitral leaflet was irregularly roughened and thickened, haviag the appearance of a jet lesion. A thrombus was present in the right atrial appendage.
Microscopically the ends of the ruptured chordae tendineae were covered by intact endotheliunii.
Moderate fibrosis was present between the muscle fibers and the adjacent papillary muscle. The junction of the papillary muscle with one of the ruptured chordae tendineae was vascularized in one area near the endocardial surface. The microscopic appearance of the left atrial wall in the region of the septum supported the opinion gained from gross examination that this was a jet lesion.
Evidence of a healed inflammatory process in the heart of this patient was minimal. The lesions remaining as residuals of the inflamnmatory process that had healed prior to death of the patient were not specific enough to allow an etiologic diagnosis. The sudden appearance of cardiac decompensation 1 year prior to death suggested that the chordae tendineae had ruptured at that time.
Other Etiologic Factors. Rheumatic heart disease was a factor of etiologic importance in the 20 cases comprising this study primarily in predisposing to bacterial endocarditis. In each of the five cases with evidence at necropsy of quiescent rheumatic heart disease there also was conclusive evidence of superimposed bacterial endocarditis, active in one case and healed in four cases. In two additional cases necropsy findings were considered suggestive of inactive rheumatic endocarditis and valvulitis. In both cases, evidence of active bacterial endocarditis was found.
No evidence of direct trauma to the thorax of an unusual nature was found in any of the 20 cases. In all cases the findings iimdicated that the abnormality of the chordae tendineae was acquired and not congenital.
Pathologic Anatomy in Ruptured Mitral Chordae
Tendineae In this series of 20 cases, chordae tendineae arising from the anterolateral papillary muscle were ruptured in nine cases; chordae arising from the posteromedial muscle were ruptured ill eight cases; and chordae arising front both group)s were ruptured in three cases of ruptured chordae tendineae. In the present study, chordae inserting on the anterior leaflet were ruptured in nine cases, those inserting on the posterior leaflet in eight cases, those inserting on both -leaflets in one case, those inserting in the region of the anterolateral commissure in one case, and those inserting in the region of the posteromedial commissure in one case.
Ruptured chordae numbered from two to nearly all those inserting on one leaflet. There was a general correlation between the number of ruptured chordae and the degree of mitral insufficiency as estimated at the time of necropsy.
Location of Ruptured Chordae Tendineae
In patients with bacterial endocarditis two important factors apparently influence the location of the ruptured chordae. In cases in which the infection involves the mitral valve it appears that the involved chordae are located adjacent to sites of most active infection. This situation prevailed in 11 of 13 cases in the present series that were considered to have definite evidence of bacterial endocarditis, active or healed, during the patient's life or at necropsy. The mechanism that determined this location appeared to be extension of the infectious process from the leaflet to the adjacent chordae, as stated by Saphir,4 and by Libman and Friedberg5 (fig. 1) .
The other important factor determining location of the ruptured chordae prevails in a special situation in which bacterial endocarditis involves the aortic valve causing aortic insufficiency. In such a case the regurgitant stream of blood often strikes the ventricular surface of the anterior mitral leaflet and the chordae attaching to the midportion of the anterior mitral leaflet. It is probable that the infectious process extends from the aortie valve to the chordae of the anterior mitral leaflet by this means, with subsequent rupture of the involved chordae. Two Other factors that contributed to the location of the jet lesions were abnormalities of the leaflets such as vegetations, fixed deformities resulting from old vegetations, and loss of valvular substance from ulcerative processes. The jet lesions usually were situated in the lower part of the left atrium ( fig. 6) .
The manner in which blood regurgitates through the mitral valve in cases of ruptured chordae tendineae can be deduced from certain anatomic findings. In cases in which the ruptured chordae had been present for some time, the involved mitral leaflet could be observed at necropsy to be arched up into the left atrial cavity leaving the leaflet fixed in a characteristic hooded appearance ( fig. 4) . In cases in which rupture of the chordae probably occurred shortly before death, this finding was not observed. It is postulated that during systole the ruptured chordae allow the involved mitral leaflet to extend beyond its normal position of coaptation with the opposite leaflet and beyond the level of the uninvolved part of the same leaflet. The regurgitant blood striking the leaflet is deflected rather sharply across the left atrium where it strikes the atrial wall or atrial surface of the intact mitral leaflet.
In two of the four cases in which no jet lesions could be definitely identified, some chordae had ruptured that were normally attached in the vicinity of the commissures. It has been postulated that the reason for the infrequent occurrences of left atrial jet lesions in association with rheumatic mitral insufficiency is that the energy of the regurgitant stream is dissipated by the direction the regurgitant stream takes into the left atrium. This also may explain the absence of left atrial jet lesions in these two cases of ruptured chordae to the commissural regions in which, probably, the regurgitant stream was directed more centrally into the left atrial cavity.
Findings in Study of Clinical Records
Murmurs
The theory has been advanced that the location of jet lesions may explain some of the characteristics of heart murmurs.'17 18 The location of the ruptured chordae (the particular portion of the leaflet that allows regurgitation) and the evidence of jet lesions in the left atrium form the anatomic bases for an explanation of some characteristics of the murmurs.
The murmur most frequently recorded in this series of cases was an apical systolic murmur, which was present in every case. The adjectives used to describe the murmurs varied considerably but included the terms " harsh," " high pitched, " " whistling, " "blowing," and "coarse," as well as various estimations of the intensity. An associated systolic thrill at the apex was recorded in five cases. In the cases in which no lesions of other valves existed, a diastolic murmur was recorded in three instances. This was specifically described in one patient as a presystolic component of the systolic murmur.
In the group as a whole there was no uniformity in the transmission of the systolic murmurs. The areas to which transmission occurred were those in which the murmur of mitral insufficiency is typically transmitted, namely, the left axilla, the left posterior portion of the thorax, and the basal area of the plecordium. There An additional patient ill the present study (case 19) had auscultatory findings similar to those in the case described (case 16). These findings were a basal systolic murmur with transmission to the cervical vessels in addition to the apical systolic murmur. The aortic valve was normal at necropsy in this case also, and the jet lesions on the septal wall were anatomically close to the aortic valve.
Two other cases of mitral insufficiency due to ruptured chordae tendineae simulating aortic stenosis have been described. 19' 20 In both cases, however, the chordae to the anterior mitral leaflet were ruptured rather than the chordae to the posterior mitral leaflet. In one the jet lesions were partially adjacent to the aortic valve, but in the other the jet lesions were on the posterior atrial wall.
In the present study there were four other eases in which ruptured chordae of the posterior leaflet were found and basal systolic murmurs were recorded. Thus, in six of the eight cases with ruptured chordae of the posterior leaflet, transmission of an apical systolic murmur to the basal area of the precorCirculation, Volume XXIII, January 1961 Verhoeff's elastic-tissue stain counterstained with van Gieson's (onniective tissue stain. dium was present. In these eight cases the apical systolic murmur was transmitted also to the left axilla in three, to the posterior left part of the thorax in two, and to both of these areas in one case. An anatomic basis for the transmission of the murmurs posteriorly to the left in these cases was not apparent.
Jet lesions were identified in the left atrium ill seven of the nine cases in which the anterior leaflet was the site of the ruptured chordae tendineae. The location in the atrial wall ranged from the posteromedial atrial wall to the lateral wall, being generally opposite the site of incompetency of the anterior leaflet.
The systolic murmurs were heard in other areas in addition to the apex in seven of the iiine cases. The apical systolic murmur was transmitted to the left axilla and posterior portion of the left side of the thorax in two, to the left axilla alone in four, and to the posterior left portion of the thorax alone in one. Basal systolic murmurs were recorded in four cases in this subgroup of nine cases, but in two cases aortic stenosis was verified at riecropsy, while in two cases the aortic valve was not stenotic.
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The findings relating particularly to the transmission of the apical systolic murmur to the basal precordial areas in cases with rupture of chordae to the posterior leaflet, and those relating to the transmission of the murmurs posteriorly to the left in cases with rupture of chordae to the anterior leaflet, offer support to the theory that the transmission of murmurs is related in part to the direction of regurgitant flow and possibly to tlie impact of blood on the left atrial wall. The lack of complete correlation between the sites of rupture and the location of the jet lesions to the areas in which the murmurs were recorded in these cases suggests that there are other factors that were not apparent.
Time of Rupture of Chordae Tendineae
The sudden appearance of a previously unirecognized precordial systolic murmur has been considered to be of significance in the diagnosis of ruptured mitral chordae tendineae.7 This situation, however, was not sufficiently well defined in any case in the present study to provide evidence for ruptured chordae as the cause of the mitral insufficiency. It was impossible to determine the time of appearance of the murmurs except in three instances in which a murmur was known to have begun during active bacterial endocarditis.
In those cases in which heart murmurs were known to be present prior to bacterial endocarditis, there was no good evidence for definite or significant change of the murmurs during the bacterial endocarditis.
Cardiac Decompensation
The sudden onset of cardiac decompensation or a sudden worsening of the state of cardiac compensation has been noted previously in patients with rupture of the mitral chordae tendineae.10 11 It has been postulated that this event may be temporally related to the rupture. This phenomenon was present ill two cases in the present study (cases 19 and 20) .
In these two cases the rapid and sudden appearance of symptoms and signs of cardiac decompensation appeared 12 and 11 months prior to death, respectively. In one of them (case 19) an apical systolic heart murmur was noted prior to this sudden appearance of failure. The characteristics of the murmurs were not significantly changed during the course of this patient's illness.
The clinical features of these two cases bear certain resemblances to those of the cases of spontaneous rupture of the mitral chordae tendineae reported by Horton-Smith,10 Frothingham and Hass,1" and one of the cases reported by Bailey and Hickam.7 Signs and symptoms of cardiac decompensation were present in 16 of 20 cases in this study. In four cases cardiac decompensation was minimal, and in each of these only one or two ruptured chordae were found. In the patients in whom ruptured chordae were the primary factors in the cardiac disability there was a good correlation between the severity of the heart disease and the number of ruptured chordae.
Discussion
Bacterial endocarditis was the factor of major etiologic importance in the cases in this study. Of the 20 cases presented, bacterial endocarditis was known to be present during life in 10 . In these cases necropsy showed the infection to be active in six and healed in four. In the other 10 cases there was no history of bacterial endocarditis, but in three of these there were findings at necropsy that were interpreted as those of healed bacterial endocarditis. In three additional cases necropsy findings were less definite but nevertheless suggestive of healed bacterial endoearditis. In the remaining four cases residual abnormalities from inflammatory processes in the heart were demonstrated but these changes were not specific. Mitral insufficiency in patients who have had bacterial endocarditis may be the result of one or of several abnormalities in addition to rupture of the chordae tendineae. These include destruction of the leaflet tissue, fixation of the posterior leaflet to the left ventricular wall by organized vegetations, and distortion of the leaflets by large vegetations and enlargement of the mitral orifice.17 In the 20 cases of this study, rupture of the chordae tendineae was the primary factor in mitral insufficiency in five.
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